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CHAPTER 1
INTRODUCTION

The products of domesticated animals are devoted to the use of the human
race and it is of great importance that the supply of these products should be
maintained. Therefore, it is the function of the breeder to keep pace with the
increasing demands of the human population by keeping a sufficient number of
animals with high physical and functional standards.

The rate of increase in all animal populations largely depends on the repro-
ductive efficiencies of both sexes under the prevailing conditions. These repro-
ductive efficiencies include female and male fecundities, the number of breeding
seasons per year, the number of offspring per parturition (litter size), the
mothering ability of the female and the length of the reproductive life of both
sexes.

Although it is generally well known that high fertility is a desirable character
in farm animals, it is an economic question to decide the most profitable litter
size. For instance, sheep breeders differ in their ideas in this respect according to
the type of sheep raising they practice. In areas where feeds are not sufficient for
satisfactory lamb production, the emphasis will be on the maintenance of flocks
for the production of fine grades of wool with lamb raising as a secondary
product. In such a case the production of multiple births is of minor imporiance
or may even be undesirable. On the other hand, in areas where intensive farming
is possible, much stress is placed on lamb production, and in such a case sheep
breeders have two alternatives: they may either direct their selection towards
multiple births with less vigorous lambs or towards single birth with fully
developed lambs. However, in most cases the breeding for multiple births is in
the long run much more profitable, as the differences in weight between singles
and twins at the market age would be small compared with the total weight of
lambs for sale.

Sheep fertility is the main concern of this study. In dealing with such a topic
one can discern a general lack of uniformity when using such terms as fertility
and fecundity, and even these terms are often used interchangeably. Therefore,
it is worth while to refer here to the definitions given by PEARL and SURFACE
(1909). Fecundity in the female may be:

a. Potential: the sum total of ova capable of being produced by the ovary.

b. Actual: the ova actually matured and discharged.

¢. Observed: the sum total of ova of which there is visible evidence, as by the
production of youngs in mammals.

Fertility: the total actual reproductive capacity of a female and male, as
expressed by their ability when mated together to produce individual offspring.

JIn mammals, the potential and actual fecundities are difficult to estimate.
Moreover, the observed fecundity as above defined is practically the same as
fertility. Therefore, it is justified when dealing with mammals to replace the
term fecundity by fertility.

Fertility figures have been calculated in different ways, as follows: ewes
lambed per ewes put to ram, lambs born per ewe put to ram, lambs born per
ewes lambed, lambs docked per ewes put to ram, lambs docked per cwes
Jambed, multiple births per ewes put o ram and multiple births per ewes
lambed. Expressing fertility in such different ways results in figures which may
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differ from each other by as much as 309;. Fertility is best expressed as the
number of multiple births per ewe lambed (Goor, 1951). In this study, fertility
is expressed as the number of lambs born per ewe lambed, and as lambs
survived per ewe lambed.

Fertility is a biological phenomenon which is contrelled by a complex
mechanism and bordered by hereditary limits. The function of this mechanism
is to prepare the ground and to provide the means for the achievement of
favourable conditions for the series of physiolagical processes involved in the
expression of fertility. One should not think of fertility as a phenomenon which
is only reached at a certain stage of life and without being earlier affected, on
the contrary it is a chain of processes which should be accomplished in an
optimal manner in order to reach a normal level. Therefore, it is to be expected
that fertility could be affected through all the stages of animal life, and any
period of unfavourable conditions may upset the function of the mechanism
controlling fertility.

In planning to improve such a character as fertility or any other economically
important character, variation which exists between animals in their expression
to these traits is the material available to the breeder in directing his population
to his goals. But the causes of variation in animals are not always, if ever, the
same. Animals vary because they have different genctic constitutions and
because they are exposed to different environmental conditions. If we push up
the environmental level of an animal we reach a ceiling of production fixed by
inherited capabilities. This means that the phenotypic expression of any trait
is determined by both heredity and environment, and to achieve the maximum
expression of a character, certain genetic and environmental conditions should
be fulfilled.

Early in this century, various studies were carried out to produce evidence
that the expression of economically important traits in farm animals depends
to a certain extent on heredity. The aim of some of these studies was to find out
whether simple mendelism is the case when dealing with the inheritance of such
characters. These studies showed that such traits are inherited in a multi-
factorial manner and are often subjected to substantial modifications by the
environment. In the studies of sheep genetics, up to 1935 only the total pheno-
typic correlation between relatives was calculated (cited by RAE, 1956} and no
attempt was made to sub-divide such gross correlation into its components, i.e.
the portion caused by heredity and that attributed to the environmental complex.
Later on, with the advance of research, the application of more refined statistical
tools and the development of population genetics, the real progress in estimating
the fraction of the observed variance which is due to differences in heredity was
achieved. This hereditary fraction of the observed variance corresponds to the
heritability estimate in the broad sense-as defined by LusH (1940).

The aim of this investigation was to study some factors affecting the repro-
ductive efficiency of the Texel sheep breed as expressed by the number of lambs
born per ewe lambed and by the number of survived lambs till the time of
inspection (within 2 months from birth) per ewe lambed. To know to what
extent fertility in Texel sheep is heritable, heritability estimate of this trait was
computed. Heritability estimates of different traits are useful to the breeder
when choosing the most effective breeding plan which serves his purpose, in
predicting how rapid progress can be made in selecting for a trait and in deciding
how much emphasis should be placed on different traits. The purpose of this
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study was also to throw light on some non-hereditary factors governing the
fertility of this breed of sheep. An attempt has been made to give satisfactory
answers to many questions of practical importance in sheep husbandry in the
Netherlands. The importance of knowing the influence of age of ewes on their
lambing abilities is not to be denied in farm management practice, especially
when estimating the replacement rate in a flock. Moreover, this point is of major
cconomic importance to the more specialized sheep farms like those in Texel
Island in predicting the profits from a flock for many yeats to come. For the
sheep breeders it is also of interest to know the most favourable age to breed
their ewes for the first time. This study will also cover the effect of the different
lambing years on the fertility of the ewes.

CHAPTER 1T
REVIEW OF LITERATURE

Reproduction is the biological phenomenon mainly responsible for the
continuity of life. Fertility being an unseparable part from the general concept
of reproduction has been the field of many investigations each of which has
tackled the problem from a different angle. Fertility as controlled and affected
by many factors operating together and partly interacting, should be studied
through identifying and evaluating this complex of factors. Since it has been
impossible to deal with all these factors, and in order not to interrupt the
continuity of the subject, most of the important factors governing fertility will be
included in this review of literature. The factors within the scope of this study
will be dealt with in detail whereas the other factors will be only hinted.

Going through the literature, one can recognize that the general approach
in studying the fertility of sheep as expressed by the frequency of multiple
hirths or the lambing percentage is to divide the complex of factors affecting
this trait into non-hereditary and hereditary factors. In other words to attribute
the phenotypic expression of this character to genetic and non-genetic effects.

1. NON-GENETIC EFFECTS

A. Age of ewe

HEeAPE (1899) stated that some English breeds of sheep, notably the Dorset
Horns, young ewes bear fewer twins than old ewes. CARLYLE and McCONNELL
{1902) studying data from the flock of the University of Wisconsin Experiment
Station, found that the percentage of multiple births increased with the age of
the ewe in the studied mutton breeds, and that the largest percentage of single,
twin and triplet births was produced respectively by two-, five- and six-year-old
ewes. HUMPHREY and KLEINHEINZ (1907) working with ewes from the same
flock, the records of which covered five subsequent years, confirmed the
findings of CARLYLE and MCCONNELL as to the ages at which ewes produced the
largest percentage of single and triplet births, but they found that the highest
percentage of twin births was produced by four-year-old instead of five-year-old
eWes,

MARSHALL and PotTs (1921) analysing the records of the American Bureau
of Industry Farm at Beltsville during six years, found that in the Southdowns,
there was a gradual rise in the proportion of twins born until the ewes reached
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5 and 6 years of age. NikoLisk1i (1933} studied the fertility of the Karakuls, in
the Askania Nova flock and reported a twinning rate of 179, for the 4-year-old
ewes, and 3-79%; for younger ewes. DRy (1836} stated that the fertility of the
Wensleydale ewes was higher at 4-5 years than at 2 and 3 vears of age. LOPYRIN
(1938) denoted that the late-maturing breeds got their highest number of
multiple births at 5-6 years of age, whereas the ewes of early-maturing breeds
reached their maximum at 3 years.

Nozpracev (1939) studying the incidence of multiple births in several
Rambouillet stud flocks found that ewes under 3 or over 7 years of age tended
to produce fewer twins, whereas from 3 to 7 years of age, the incidence of twins
was maintained at approximately the same level.

JonanssoN and HaNsson (1943) in their detailed study concerning the multiple
births in Oxforddown, Shropshire, Cheviot and two types of Swedish Landrace
sheep, denoted a steady rise in the average number of lambs per birth in all
breeds up to 5-6 years of age, with a gradual regression afterwards. QOSTERHOF
(1947) found that the lambing percentage of the Texel sheep in Noord-Holland
followed an increasing trend with advance of age of ewes reaching a peak in
their 4th and 5th year of age, after which a slight decrease occurred in the 6th
year and thereafter the lambing percentage decreased more rapidly.

DEesal and WINTERS (1951b) denoted that the lambing average of some pure-
bred and crossbred lines of different breeds of sheep rose with the advance of
age of ewes up to the fifth year and then gradually declined. MAsoN and DASSAT
{1954) studying some reproductive aspects of the Langhe sheep of Italy stated
that the twinning rate increased as the ewes increased in age from one to 4-6
years, and thereafter declined a little. RAGAB and AsKeR (1954) also found that
twinning in the Egyptian Ossimi sheep increased with advancing age, the
maximum being attained when ewes were about 7-8 years of age (from the 6th
to the 7th lambing). KArAM (1957) stated that in the Egyptian Rahmani sheep,
the number of lambs per birth increased with the advance of ewes in age up to
the fifth or the seventh year. BELIC (1958) concluded that the fertility of the
Yugoslavian Zigaja ewes increased till the 5th year of age (4th lambing) after
which a slow decrease followed.

B. Plane of nutrition and condition of ewe

Several investigations have been carried out to determine how far the
nutritional condition of ewes especially in the period shortly before and during
tupping (flushing) will influence their consequent fertility. Also, it has been of
great interest to study the effect of body weight of ewes on their fertility.

Ewes on high level of feeding have significantly higher ovulation rate, larger
follicles and higher numbers of follicles (2 mm or more in diameter). The
fertilization rate is higher, though not significant, for ewes on a higher level of
feeding (EL-SHEIKH et al., 1955). Many sheep breeders believe that ewes should
not only be on a high level of feeding during the breeding season but they
should also be in a gaining condition. MARSHALL and Potts (1921) stated in
this respect that in order to get the largest number of twins, ewes should gain
at least 7 pounds during the breeding season.

There is overwhelming evidence that flocks in good condition at tupping
time have a higher fertility percentage than flocks in poor conditions (HEAPE,
1899). Flushed ewes have a higher production of lamb crops than unflushed
ewes (MARSHALL and PoTTs, 1921 ; NICHOLS, 1926 and PrILLIPS, 1939). Flushing
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increases the percentage of twins and for the best results ewes should be flushed
for 3—4 weeks before they go to ram (WALLACE, 1951). Flushing increased the
number of ovulations from 1.06 to 1.15 (McKENzIE and TERRILL, 1937). The
efficiency of flushing in increasing ovelation rate depends on the condition of
ewes at the time of flushing, the number of eggs released from the ovary is
increased by flushing if the ewes were thin, but not if they were in high condition
before flushing (CLARrK, 1934).

There is a positive correlation between body weight and fertility in Merino
ewes, although the regression is not linear (NOZDRACEV, 1939). Comparing the
lambing percentage in Columbia, Corriedale and Rambouillet ewes as classified
according to different body weight categories, there is a general tendency for
lamb production to increase with body weight (TERRILL and STOEHR, 1942).
There is a positive correlation between body weight of the ewes and the average
size of their litters. The intra-breed regression shows an increase in litter size of
0.118 lambs for each increase of 10 kg in live weight of the ewes (JoHANssON and
HANSSON, 1943).

The previously mentioned investigations, which resultted in stressing the
importance of the plane of nutrition and the body weight of ewes as factors
governing the fertility of ewes, have been recently contradicted by RADFORD
(1959) who concluded that the incidence of twin ovulation in Merino ewes
occurred equally among animals in which there were little or no changes in
body weight and among animals in which there were more pronounced changes
in weight. He also stated that the variation in the incidence of twin ovulation
was not associated in any way with the change in the plane of nutrition of
the animals.

C. Time of mating

In a British small flock of Suffolk cross Border Leicester-Cheviot, the number
of lambs per fertile service rises to a maximum in November and then declines
steadily which is attributed to the number of ova shed (HaMmoND, Jr., 1944).
In experimental purebred Southdown ewes, the high percentage of twin births
during the first half of the lambing period may be related to either better
nutritional conditions in the first part of the season, or to the fact that ewes in
the best condition have a bigger tendency to come to heat first and lamb first
(MARSHALL and Potrs, 1921). Also, the Ossimi sheep have the highest lambing
percentage of 139-144 in the first half of the lambing season (RAGAB and
ASKER, 1954). Previous authors have also concluded that twins tend to be born
early in the season (HEaPE, 1899, MARSHALL, 1908, NicHOLS, 1924, and BIEGERT,
1938), but Joransson and Hansson (1943) found that the matings in the middle
of the breeding season produced the largest litters in the Shropshire and
Cheviot breeds.

D. Other non-genetic effects. ( Physical environmental factors)

It is rather difficult to discuss separately the effect of each of the following
environmental factors (different localities, i.e. latitude and altitude; changes in
the daylight/dark rhythm and changes in atmospheric temperature and humid-
ity) on fertility because the effect of environment on fertility is a summative
expression of the whole series of these factors. Therefore, when interpreting
the effect of any of these factors on fertility, the others should not be neglected.

There are some breeds such as the Lincoln which show greater fertility in
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habitats other than their original homes, while others like the Suffolk, Hamp-
shire Down and Dorset Horn were most fertile in their home districts (HEAPE,
1899).

The difference in fertility between breeds are due to inherited differences in
their ability to respond to decreasing hours of daylight (Harez, 1952). It has
also been shown by HAFEZ (1952) and HamMoND, Ir. (1944) that the ability to
respond to light stimuli is conditioned by age, as they found that ewe lambs had
a shorter breeding season than adults.

MILLER, MONGE and AcCAME (1944) suggested that the percentage of lambs
raised to weaning among other productive aspects in sheep is in the same order
as the ability of the ewes to maintain normal body temperature and respiration
rate during periods of high atmospheric temperature.

RADFORD (1939) related the seasonal variation in the incidence of twin
ovulation in the Merino ewes to changes in some of the physical environmental
factors, namely light and temperature.

From the above mentioned literature, one can get the idea that fertility of
ewes could be changed within certain limits by some changes in husbandry
practices (time of mating, level of nutrition, length of exposure to light, etc.).
In the same way changes in the hormonal level of ewes during the breeding
season is apt to affect their fertility as well. The augmentation of fertility by the
use of gonadotrophic substances, notably P.M.S. (Rosmson, 1951a and
WALLACE, 1955) though still practiced on an experimental scale, could be
applied in the future on a wider scale, especially under an intensive system of
farming where the need for the production of multiple births is of increasing
importance. The augmentation of fertility by the use of hormonal treatment
falls outside the scope of this study and is therefore not discussed in detail.

2. GENETIC EFFECTS

A. Between breeds

The difference in the fertility of ewes of various breeds is very remarkable,
both the percentage of lambs and the percentage of multiple births show very
marked variation in different breeds. The influence of heredity in this respect is
brought o bear, A good example of the wide differences which exist between
various breeds in the frequency of multiple births is given in table 1. quoted
from JoHANssON and HanssoN (1943), who collected the available figures from
previous work. Corresponding figures worked out by the same authors are
given in the same table. JoHANssON and HanssoN (1943) concluded that the
differences in lambing percentage between the Cheviots and the Landrace (F)
could be attributed to genetics, as both brecds had the same geographical
distribution.

B. Within breeds

Many studies were carried out to produce evidence that the variance which
exists between individuals within breeds in their lambing abilities is partly due
to genetical differences. Most of these studies succeeded in bringing this
evidence; nevertheless, few were able to estimate the heritable part of this
variance.

How far the type of birth of the ewe, the dam and the sire can affect the
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consequent lambing performance of the ewe has been the subject of many
studies which resulted in contradictory conclusions.

RieTZz and ROBERTS (19135), studying an extensive material, came to the con-
clusion that in the studied Shropshire breed there is a positive correlation
between the type of birth of both dam and sire and the type of birth of the
offspring, and that twin parents give a larger percentage of twins among their
offspring than do parents born as singles, Moreover, WENTWORTH and SwWEET
(1917), who studied data from the American Southdown records, gave more or
less the same results as they stated that in general sheep of high birth rank tend
10 produce offspring of a high birth rank, and in pedigrees started from twin
births the effect of birth rank of the sire is only slightly significant, while the
effect of birth rank of the dam is slightly greater. No evidence of sex-linkage of
fecundiiy factors emerged from their figures. Also, DEsal and WINTERs (1951b)
found that twin born ewes give birth on the average to 0.12 more lambs than the
single born ewes. WRIGHT and STEvENS (1953) confirmed these previous con-
clusions, as they found 9.6 and 11.0 percent more lambs from twin ewes than
from single ewes of Romney and Corriedale sheep, respectively. Moreover,
NoOzDRACEV (1939) working with the Rambouillets in the U.S.S.R., also agrees
that the probability of twin births is higher in animals which were themselves
twins.

MarsHALL and Ports (1921} investigated the effect of type of birth of the ewe,
sire and dam on the lambing percentage of the ewe and found that the highest
record was from single born ewes by single sires from twin dams. They also
found that twin born ewes were 4.7%, more prolific than single born ewes, but
this difference cannot be considered significant. They concluded that no con-
nection is apparent between lamb production and the fact of sires and dams
being singles or twins.

Nixoriskif (1933) working with karakuls, reported that the probability of
twin births is greater in a ewe that has already produced twins, but dams which
were themselves twins do not give a higher percentage of twins than those born
as singles. SMIRNOV (1935), working with the Romanov sheep, observed a
correlation between the prolificacy at first and later births, but he could not
find a definite relationship between a ewe’s prolificacy and its being born as a
single or in a multiple birth. BELOoGRADSKI (1940) criticized the views of
SMIRNOV and attributed the absence of a correlation between the prolificacy at
first and later births, as found by SMIRNoOV, to the poor management which
prevented the triplet and quadruplet ewes from expressing their genetical high
merits. His own results with the Romanov breed for ewes born as singles, twins,
triplets and quadruplets are respectively 217, 236, 236 and 301 lambs born per
100 ewes. REavE and ROBERTSON (1953) pointed out that this would give a
regression of daughter on dam of 0.289, a figure which is considerably higher
than those shown in other reports. On the other hand, RAGAB and ASKER (1954)
found in the Egyptian Ossimi breed that the type of birth of the ewe has no
effect on twinning.

Estimating the repeatability of litter size is a further step in the series of sub-
sequent methods which throws light on the heritable portion of this trait.
JorANssON and Hansson (1943), using the intra-class correlation as the method
for estimating the repeatability of litter size in the Shropshire, Cheviot and
Swedish Landrace (F), found that the total average repeatability of litter size
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from the same ewe is 0.220 and within flocks 0.183. DEsar and WiNTERS (1951a),
studying the inheritance of fertility in several purebred and crossbred lines of
sheep in the U.S.A,, also used the intraclass correlation method and reported a
repeatability estimate of 0.0498 |- 0.0263 after correcting for age.

Karam (1957} from his studies about the Egyptian Rahmani breed found the
repeatability of litter size to be 0.056 + 0.041, using the intra-ewe correlation
for ewes with four lambings from 2 to 7 years of age. MasoN and Dassat (1954),
in their research with the Italian Langhe sheep, computed a repeatability
estimate of 0.079 using the above method.

Estimating the heritability of a certain character is the most widely known
procedure which gives a fairly good estimation of the heritable portion of the
variance between individuals within a certain population during a certain
period in their expression of this character. JoHANSSON and Hansson (1943)
investigated the relative importance of genetic and non-genetic factors con-
cerning the production of multiple births in different breeds of sheep in Sweden.
They found that in the Cheviot breed, the within flocks dam-daughter correla-
tionfor the first lambing is not significant, but basing the calculations on averages
from 3 lambings they found a highly significant dam-daughter correlation (for
all breeds = 0.107). Thus, they found a heritability estimate for the average
litter size (based on 3 lambings) in the magnitude of 0.20.

Desat and WINTERS (1951a) using the intra-sire regression of daughters on
dams from data on 542 daughter-dam pairs spread over 74 sires of various sheep
breeds and lines reported an overall heritability estimate of 0.0736 = 0.0152.

RAGAB and AskeR (1954) studying the heritability of fertility in the Egyptian
Ossimi breed, used 140 dam-daughter pairs within 8 sires and found the
regression of daughters on dams to be 0.0181, which vields a heritability estimate
0of 0.0362,

RENDEL (1956} in the course of his investigation which included four different
breeds of sheep in Sweden, namely Cheviot, Oxforddown, Shropshire and
Swedish Landrace, used two methods derived from all or non traits and got an
average heritability of 0.113.

SIDWELL (1956), using the correlation between type of birth of dam and her
offspring, found the heritability of litter size to be 0.22 and 0.12 for mature
crosshred and Navajo ewes, respectively.

KAraM (1957) estimated the heritability of the number of lambs per birth in
the Egyptian Rahmani sheep as 0.08 based on the regression of the type of
birth of offspring on that of dam from a material embracing 849 dam-offspring
pairs.

The contribution of males in the observed variance which exists in the litter
size of their offspring is still debatable. HEAPE (1899) came to the conclusion
that the production of multiple births in sheep is a matter which only concerns
the ewe and is not influenced by the ram. MARSHALL and PotTs (1921) alse did
not find in their study any important variation in the proportions of twins that
can be attributed to the sire. The same results were found by Desa1 and WINTERS
(1951b), who stated that the sires within the studied lines did not show significant
differences in the lambing average of their selected daughters. On the other hand,
JoHanssoN and Hansson (1943) found a significant but very small difference
in groups of daughters from different sires. The small difference would have
been somewhat larger if the average size of at least 3 litters had been used
instead of the 2 litters used in their study. RAGAR and AskEr (1954) studying the
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effect of rams, using the analysis of variance for the progeny of nine rams, found
that the rams differed very significantly in regard to the frequency of muitiple
births in their offspring.

CHAPTER IH

MATERIALS AND METHODS, STATISTICAL PROCEDURES
AND RESULTS

1. GENERAL MATERIAL

The data studied in the present investigation have been quoted from the
herdbook of the stud Texel sheep in the province of Noord-Holland “Texelsch
Schapen-Stamboek in Noord-Holland”, which belongs to the Sheep Breeders
Association in this province. Therefore, these data are as reliable as possible
considering that they are based on herdbook records.

The Sheep Breeders Association in Noord-Holland embraces the breeders in
the continental part of the province (vasteland) as well as the breeders in the
Island of Texel. The province of Noord-Holland as a whole comprises about
309%, of all the Texel sheep breed in the Netherlands. Moreover, it is also the
most noted stud sheep breeding area of this country.

In the Texel Sheep Herdbook, information about the pedigrees of registered
ewes and rams is available, also the numbers of lambs born and survived
(grootgebracht) per lambing for cach ewe are registered, beside other econom-
ically important traits.

It is a common practice  in the whole province of Noord-Holland to breed
the maiden ewes when they are 19-21 months old giving their first lambing as
two-year-old ewes. However, it has been noticed in the herdbook of the conti-
nental part of this province (vasteland) that in the period just after the second
world war (1946-1948) more than half of the registered ewes were bred for the
first time at the age of 7-9 months to give their first lambing as yearling ewes.
Also, in the year 1952 a lower number of ewes giving their first lambing as
yearlings were registered in the herdbook. The breeding of 7-9 month-old
lamb ewes after the last world war could be atiributed to the emergency need
for more animal proteins which prevailed at that time. Moreover, an economic
necessity in the year 1952 might be the reason that ewes giving their first lambs
as yearlings reappeared in the herdbook of that year. The group of ewes which
were mated for the first time at the age of 19-21 months are referred to in this
study as “continental or Texel Island 2-year-old ewes”, whereas the other
group of ewes which were mated for the first time at the age of 7-9 months are
referred to as ““continental yearlings®.

Lambing takes place once a year, and the lambing season is from March till
June. This period coincides with the mild spring weather in the Netherlands
which is suitable for the milking ewes as well as for lambs. The herdbook
inspections for the registration of the newly born lambs occur within a maximum
time of two months from the birth date of lambs, The lambs that survive till the
time of inspection are referred to in this study as survived lambs (srv.) and are
registered in the herdbook as (grootgebracht).

Ewes in normal condition stay outside almost all the year round grazing on
permanent grassland, and in the exceptionally severe winter days they are
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supplemented with concentrates, i.e. rolled oats, soya beans expellers, green
peas or horse beans. Putting ewes just before and during tupping to extra better
grass is frequently practiced in the province of Noord-Holland, but the ewes are
seldom given concentrates during this period.

2. AGE AND YEAR EFFECTS

A. Materials and methods

Beside the age of ewes and the different lambing years as factors which may
have an effect on the fertility of ewes, maternal age and the different types of
birth of sires, dams and ewes are factors which may also play & role in this
respect. [t would have been better to include these factors in one and the same
mathematical model dealing with age and year effects, but because our material
did not lend itself for such an extensive analysis, we dealt with the factors age
and year and interaction age/year, which seem to be the most important ones,
in one mathematical model and the other factors were dealt with separately.
This could be somewhat objectional because when dealing with one analysis the
influence of the other factors will be included in the rest error which renders this
analysis less powerful.

The effects of age of ewes, of different lambing years and of the probable
interaction age/year on the number of lambs born per ewe lambed and on the
number of survived lambs (till the time of inspection) per ewe lambed, are
studied in this part of the investigation.

The computations are based on the first five successive lambings of each ewe.
The material used in this study is divided into two separate parts according to
the different habitats of the sheep: Texel Island Sheep versus continental
Noord-Holland (vasteland) Sheep, and also to the age of ewe at first lambing:
yearlings versus two-year-old ewes. Therefore this study comprises:

1. Texel Island two-year-old ewes of which 1179 ewes with 5895 lambings
_ were studied. This material comprised 8 batches of ewes: 25, 122, 179, 168, 145,
206, 182 and 152 ewes born in the years 19441951,

2. Continental Noord-Holland (vasteland) two-year-old ewes, of which the
lambing performance data for 1378 ewes with a total number of 6890 lambings
are included in this study. This material comprised 7 batches of gwes: 78, 133,
159, 263, 244, 256 and 243 ewes born in the years 1945-1951.

3. Continental Noord-Holland yearlings of which the data for 452 ewes with
a total of 2260 lambings have been used in this investigation. This material
comprised 4 batches of ewes: 133, 143, 152 and 24 ewes respectively born in
1945, 1946, 1947 and 1951.

TaBLE 2. The distribution of the data (continental yearlings)

Years
46 | 47 | 48 49 50 51 52| 53 54 55 56
Apes
1 X X X ] X
2 X * x X
3 X X X b
4 X X X K
5 x X x X
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As an example to illustrate the data used in studying the factors age and
years, a scheme of the data concerning continental Noord-Holland yearlings is
given in table 2.

B. Statistical procedure and results

The data concerning this part of the study were punched and worked out by
the Statistics Departement T.N.O.

If we denote the influence of different ages by &, o... cte, respectively and the
influence of years by B, Bs... etc., the following mathematical model is used:

Pyr = u + o + By + @By + eu model (I)

where Py denotes the lamb production of sheep No. k of age i in year j;
w is the general mean value; «; is the influence of age 7 on the lamb production
of sheep k; By is the influence of year j on the lamb production of sheep k.
(xf)y is the interaction component of the combination age i, year j; ey is the
difference between the actuzal production of sheep k and its expected production
on account of the factors age, year and interaction age/year. So e comprises the
influence of all factors which are not used in this model and which in this modet
are taken to be random.

Taking the data of the continental yearlings as an example because it is the
simplest form of material (comprising only four batches of sheep}, the problem
boils down to computing estimations for the following parameters:

GL v v e e e e e e o, (5 parameters)
By + v v o e 8y (11 parameters)
(1) P {B)s.11 (20 parameters)

5
In reality we have only 4 independent age parameters as Za; = 0 and we
i=1
need only to estimate «,, o, %3 and «, whereas o may be estimated as &5 =

4
— Xg; in the same way we have only 10 independent year parameters instead
i=1

of 11.

Finally Z; («f)y; = 0 for every j and Z; (wf)y = 0 for every i which leaves
us 5 instead of 20 interaction parameters,

The 19 parameters to be estimated for the continental yearlings ewes are
illustrated in table 3. In the same way, though much more extensively the data
of the continental two-year-old and Texel Island two-year-old ewes were
analysed.

The method of least squares (KENDALL, 1948) is used to estimate the above
mentioned parameters. By this method, estimations of y, «,, o, etc., By, B etc.,
a, b, ¢, d and e are defined as those values that minimize the sum of squares:

F=Z I3 0Pye-w-o— - GHN
I

Hence the estimations are found by solving the following system of linear
equations.

aF 0 JF aF IF

_— , = y S—== 0, ———
e Py By 7 Aafly
The estimations are given in App. 1. In the same way, though much more
extensively, the data of the continental 2-year-old group of ewes and Texel
Island-2-year.-old group of ewes were dealt with.

0.
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TaBLE 3. Scheme of the parameters affecting the number of lambs born and survived based on Model I
(continental yearlings)

Year
46 | 47 | 48 49 50 31 52 53| 54 |55 56
Age
oy | Oy | o o
1 Bi | Ba | Bs B
o |a -a-b [
@y | Oy oy 22
2 B: i Bs B Be
-a | c a-c
L]
oy oty oy dy
3 Ba Ba Bs fsn
~-b—¢ d b+te-d 0
Xy oy *y oy
4 B4 Bs Bs B1o
-a+c-d e a—c+d-¢
4 1 1 3
—2a0t8 —2et oty —2iot
1 1 1 1
5
Bs Be B: 10
*Eﬂj
1
—b—c—e+di—a+e—d+e et+b 0

N.B. For convenience sake the independent interaction terms are denoted as a, b, ¢ ... et¢, instead
of (wB)yy’

To find out whether the interaction age/year is significant, the parameters
o, By are computed once more, assuming no interaction.
The model II is adopted.

Pyx = + a1 + By + egp model (11},

and minimizing the sum of squares. :

Fr=2x z%(Pﬂk‘P’-—“i—@f)2-

[

So by solving the systems:

AF’ JF' aF’

— =0,5— =0and — = 0.

M Py 9By

The results are given in table 5.

By comparing the estimations %; and f; based on model I and model II it is
possible to investigate the significance of the interaction age/year. This com-
parison is performed by means of an analysis of variance (Kuiper, 1952) and
given in table 4.
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Table 4 shows as far as “born” is concerned, that there is no significant inter-
action age/year, whereas for “survived” an interaction just significant appears
only for Texel Island two-year-old group of ewes.

As there is only one significant interaction, which, as the analysis to test the
main effects (age and years) will show, is to be considered as a minor effect
compared with these main effects, it is justified to neglect it and to use the

values of &; and [5 { as given in table 5 and plotted in graphs 1-3,9-11 and 15-20
as estimations for the influence age and year.

TaBLE 4. Testing the assumption (interaction age/years)

TasLE 5. Effect of age and year based on model IT

Bom Survived
Sheep Source of i —
group variation {| Mean Mean
square d.f. P square d.f. ! P

Continent, total 0.298 2245 0.376 2245
Yearlings interact. | 0.196 5 0.65 0.780 5 0.07

} error 0.299 2240 0.375 2240
Continent. | total 0.313 6875 0.395 6875
2 yrs, old interact. 0.277 20 0.66 0.247 20 0.90
: error 0.313 6855 0.395 6855
Texel Isl. total 0.268 5879 0.322 5879
2 yrs. old interact. | 0.356 24 0.12 0.528 24 0.03

error 0.268 5855 0.321 5855

Cont. yearlings Cont. two years old Texel Isl. two yrs. old
Born Survived Bom Survived Born | Survived
G, -0.4203 ~0.4139 -0.1034 -0.1068 - 0.0929 -0.1060
iy -0.0197 +0.0035 +0.0018 +0.0434 —0.0251 - 0.0086
Gy -+0.1492 +0.1820 +0.0334 +0.0653 +0.0633 +0.0588
&, +0.1731 | 401924 | +0.0510 | +0.0518 | +0.0431 | +0.059]
&, +0.1177 +0.0360 +0.0172 - (.0537 +0.0116 —0.0033
51 +0.0524 -0.0021 +0.0648 -0.0748 - 0.0809 - 0.1065
.{;, -0.0121 ~0.0894 -0.0812 -0.0239 ~0.0522 -0.1073
B, ~0.1114 | -00828 | -00118 | 00070 | -02368 | -0.1938
Bs -0.0302 | ~-0.015¢ | -0.0049 +0.0172 | -0.1351 | -0.1248
ﬁs -0.0412 +0.0640 |  +0.0434 +0.0264 -0.0348 -00122
én +0.0280 +0.0722 -0.0058 +0.0094 +0.0935 +0.0439
ﬁ7 +0.1026 +0.0139 -0.0292 0.0000 +0.0607 +0.0523 .
Gs -0.2160 -0.1191 -0.0115 -0.0080 +0.0343 +0.0609
ﬁp —-0.0099 -0.1727 +0.0439 +0.0356 +0.0267 +0.0350
ﬁxn +0.2162 +0.1087 - 0.0046 +0.0170 +0.1383 +0.1234
ﬁn +0.0216 +0.2232 —0.0031 +0.0081 +0.0315 +0.0230
Bre +0.1548 { +0.2061
é 18190 | 1.5740 1.9489 1.7329 1.8138 1.6525
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TaBLE 6. Analysis of variance of factors age and year

Born Survived
Sheep Source of
group variation Mean Mean
Squre d.f. P square d.f. P
Continent. age 11.364 4 |<0.0001 12,624 4 |<<0.0001
Yearlings year 0.740 10 0.005 0.526 10 0.17
rest error 0.298 2245 0.376 2245
Continent. age 3.786 4 | <0.0001 7.123 4 |<0.0001
2 yrs. old year 0.593 10 0.06 0.204 10 0.38
rest error 0.313 6875 0.395 6875
Texel Island | age 3.452 4 [<0.0001 4.309 4 | <0.0001
2 yrs, old year 31.830 11 |<0.0001 2.966 11 [<0.,0001
rest error 0.268 5879 0.322 5879

To test the significance of the main effects (age, year) an analysis of variance
{KUIPER, 1952) was computed, the results of which are given in table 6,

From the previous study we found that:
a. The effect of age is highly significant in all six cases.

b. The effect of age is greater for the yearling group of ewes than it is for two-
year-old groups,

¢. The differences between years are highly significant for the Texel Island two-
year-old group (both for the number of lambs born and survived).
For the continental 2-year-old group there are no significant differences
between vears, whereas for the continental yearlings the year effect is highly
significant for (born) and not significant for (survived).

4. The mean squares show that the effect of years is considerably less than the
effect of age.

C. Validity of the mathematical model used in estimating the effect of age

and year

For this purpose, the differences between the computed values (C) based on
model 1T (see age and year effects) and the actually observed values (O) per
age/year cell for all the material used in this part of the study were computed
(Appendices 2 and 3).

Most of the matrices given in App. 2 and 3 show a random distribution of
{+) and (-) signs of the (O-C) values. However, sometimes a less random
pattern is seen, as for instance, all the (O-C) values of the Texel Island 2-ycar-
old ewes born in the year 1945 are negative [both for born (b.) and survived
{srv.) lambs). This might indicate a slight influence of the birth year of ewes,
ant influence which is not included in our model. However, the above non-
random pattern rarely occurs and moreover the differences between the {O)
and (C) values are very small, which indicates that the mathematical model
‘used in estimating the age and year effects includes no serious defects.
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3. TYPE OF BIRTH EFFECT

A. Material and methods

The effect of type of birth of sires (TBS) (whether they were born as singles,
twins or triplets), type of birth of dams (TBD) and type of birih of ewes (TBE)
on the number of lambs born per ewe lambed have been studied.

The data in this part are also classified into Texel sheep two years old,
continental two years old and continental vearlings, which are dealt with
separately. The first five successive lambings have been included for each ewe.
The part of this study dealing with the Texel Island two-year-old ewes comprises
206 ewes born in 1949 with 1030 lambings. In the same way a number of 244
continental two-year-old ewes born in 1949 with 1220 lambings were studied,
whereas, the study of the continentat yearlings is based on the lambing records
of 152 ewes born in 1947 and having 760 lambings.

Taking the continental yearlings as an example we get the following scheme
(table 7), which illustrates the imporiance of taking the factors age and year
into account,

TaBLE 7. The distribution of the data for the type of birth effect (continental yearlings)

- Lambing
yrs. 1947 1948 1949 1950 1951 1952
Ages

Who D
X

B. Statistical procedure and results

To find out whether there is a significant influence of the factor TBS we
divided the 152 sheep according to the type of birth of their sires. Thus we got
three groups (I = single born sires, IT = twin born sires and II = triplet born
sires) and per group the results of 5 combinations of age and year, as illustrated
in table 8.

Tapie 8. The effect of the sire’s type of birth on the number of lambs born (continental

yearlings)
Continental yearlings
TBS age 1 2 3 4 5 | No.of | Mean lamb
vear 48 49 50 51 52 ewes | prod. () £ 253
I ‘ 175 £ 0.23
1 121 | 1.82+0.10
I 9 | 16431036

The standard deviations Sy were computed from the rest error table 10.

Table 9 shows the same for continental two-vear-old and Texel Island two-
year-old ewes.
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TaBLE 9. The effect of the sire’s type of birth on the number of lambs born {(continental
2 yrs. old and Texel Island 2 yrs. old)

Continental 2 years old
TBS age 2 3 4 5 6 | No.of Mean lamb
year 51 52 53 54 55 | ewes |prod. (x) = 25%

1 20 2.04 +0.26
1 . 206 1.97 + 0.08
I 18 1.97 +0.27

TBS Texel Island 2 years old
1 20 1.86 +0.22
bi 178 1.89 +0.07
I 8 192 4 Q.35

The standard deviations S5 were computed from the rest error table 10.

To analyse the factor TBS it is not correct to take all the results of the 5
subsequent lambings together, as we know that there is a significant influence
of the factors age and year. It is therefore necessary to correct for the influence
of age and year by taking the combinations of age and years as a second classi-
fication using the proportional subclasses analysis — SNEDECOR (1946), (table 10).

TasLE 10. Analysis of variance for the effect of TBS on the number of lambs born

Sheep group Continental sheep Texel Island sheep
yearlings v. 2 yrs. old yearlings 2 yrs. old 2 yrs. old
Source of variation | 740 | 4.f P o|mean) gf | p [T gf ) P

square o square square

a) Between combina- | 14.52 4 |<0.0001 0.87 4 0.03 | 0.63 4 0.03
tions age/yr.

b) Between TBS 0.85 2 0.05 0.23 2 0.50 | 0.07 2 0.75
Interactiona) x )| 0.32 8 0.37 0.58 8 0.08 | 0.10 8 0.92
Rest error 0.29 | 745 0.33 | 1205 0.25 | 1015

The analogous results for the factors TBD and TBE are given in tables 11
and 12.

The results of the analysis as given in tables 10 and 12 show that:
a. The differences between the combinations age and year are always significant.
This is in accordance with the results of the analysis of the factors age and year
and indicates that it is necessary indeed to eliminate the influence of these
factors when analysing the influence of the factors TBS, TBD, and TBE.

b. There is no significant interaction between the factor type of birth on the one
hand and the factors age and year on the other. Thus it follows that the influence
of the type of birth factors is independent of age and year.

¢. As for the influence of the factors TBS, TBD, and TBE we found that:
The factors TBS is significant only for the continental yearlings, the factor
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TBD is not significant at all, and the factor TBE is significant for the continental
ewes (both yearlings and two years old) but not for the Texel Island group of
ewes.

TaBeL 11. The effect of the dam’s type of birth and the ewe’s type of birth on the number of
lambs born (all studied groups of sheep)

! Continental Sheep Texel Island Sheep
TBD | yearlings 2 yrs. old 2 yrs, old
no. of mean lamb no. of mean lamb no. of mean lamb
ewes |prod. (¥) - 253 | ewes |prod. (X} i+ 283| ewes |prod. (X) 4+ 25%
I 31 1.75 +£ 0.20 32 1.98 4+ 0.20 48 1.88 + 0.14
I 108 1.81 +-0.10 183 1.97 4- 0.08 152 1.89 4+ 0.08
I 13 1.86 +0.30 29 2,00 + 0.21 6 2.03 £ 0.41
TBE
I 33 1.71 + 0.18 31 1.87 +0.20 46 1.90 + 0.15
n 99 1.83 £ 0.10 180 1.99 4+ 0.08 155 1.88 + 0.08
Iz 20 1,79 + 0.24 33 1.99 + 0.20 5 200 £ 045

The standard deviations S5 were computed from the rest error table 12.

TABLE 12. Analysis of variance for the effect of TBD and TBE on the number of lambs born.

Continental sheep Texel Island sheep
TBD
yearling ewes 2 yrs. old ewes 2 yrs. old ewes
L mean mean mean
Source of variation square d.f. P square d.f. P squate d.f. P
a) Between age/fyr. 14.52 4 |<0.000t 0.87 4 0.03 | 0.63 4 0.04
b) Between TBD 0.30 2 0.38 0.05 2 0.83 | 0.32 2 0.28
Interaction a) x &) 0.34 8 0.35 0.32 8 044 | 0.20 8 0.60
Rest error 0.30 | 745 - 0.33 | 1205 - 0.25 |15 ~
TBE
«) Between agefyr. | 14.52 4 [ <<0.0001| 0.87 4 | 0.03 0.63 4 | 0.04
b) Between TBE 0.94 2 0.04 0.95 2 | 005 020 2 | 045
Interaction @) x b) 0.34 8 0.31 0.14 8 0.91 | 0.10 8 0.92
Rest error 0.2 | 745 0.33 (1205 | - 025 11015 ; -

4. HERITABILITY OF LITTER SIZE

A. Materials

The estimation of heritability is based on the intra-sire regression of daughiers
on dams for the sheep of the continental part (vasteland) and those of Texel
Island. The intra-sire regression of daughters on dams is computed in twe
different ways:
a. Basing the computations on the litter size of the first lambing for each of the
dams and their daughters.

Meded. Landbonwhogeschool, Wageningen 60 (3), 1-61 (1960) i9



b. Basing the computations on the litter size of the first three lambings.
All ewes (used in this part of the study), whether they were daughters or dams

were two years old when they dropped their first lambing, three years old when

they got the second etc.

The number of daughter-dam pairs, the number of sires, the number of daughter-

dam pairs per sire and the corresponding range used in this study are given

in table 13. :

TagLE 13. The material used in estimating the heritability of litter size

Based on the litter size of first lambing On first three lambings
No. gAN o |
: - Ran N ’ - . R
oot | Mool | Median | % B2 | Cpaiel | 4258007 Bo o0 ) Modian | P B | i
pairs [ | pairs sire
Continental 539 73 6 74 | 5-31 604 83 [ 6 73 153
Texel 1370 | 112 9 12.2 5-55 | 1407 [ 118 | 9 11.9 5-55

The continental Noord-Holland (vasteland) dams had given their lambings
in the period 1942-1954, their daughters in the period 1946-1956. The Texel
Island dams had given their first lambings in the period 1939-1951 and their
daughters in the period spread over the years 19461954,

Although the material of the continental Noord-Holland sheep covers a
longer period than that of the Texel Island sheep, it is much smaller due to the
smaller flock size in the continental part of Noord-Holland, and to the fact that
some registered continental ewes notably just after the war had given first birth
as vearlings. This of course limits the material in so far as only ewes giving their
first lambing as two years old are considered.

B. Statistical procedure and results

The aim of this part of the investigation is to estimate the heritability (#%) of
litter size as the slope of regression of the lamb production of daughters on
that of their dams.

As it was not possible to predict whether the slopes of the above regressions
are the same for the different sires, and as moreover differences in the intercept
of the regression lines of the various sires were to be expected, it was necessary
to start with the computation of a regression equation per sire (SNEDECOR, 1946).

y_ (X% (y-7)
(x-x)?
where p = number of lambs of the daughters.
x = number of lambs of the dams.

Next an analysis of covariance {SNEDECOR, 1946) was performed to find out
whether the differences between sires with regard to the slope of the regressions
are significant or not (App. 4) and (table 14).

The P-values given in table 14 are rather high, and therefore there is no
reason to reject the hypothesis that there are no differences between sires in the
slope of the daughter-dam regression lines.

Knowing this, it has been possible to pool the b-values over all sires.

The accuracy of the estimations given in table 15, is characterized by the
standard deviations of the estimations as given in table 16.
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TasLE 14. P-values from the test of significance of the difference between sires in the slope of
regression lines

Material First lambing First 3 lambings
Sheep group
Continental ewes P =020 P =028
Texel Island ewes P =038 P =070

Taste 15. Pooled intra-sire regression of daughters on dams

Material . . : .
First 3 lamb
Sheep group First lambing irst 3 lambings
Continental ewes b = 0.086 b= 0.107
Texel Island ewes b= 0.024 b = 0.045

TaBLE 16. Standard deviation of the regression coefficients

Material . . . ,
t 3 lamb

Sheep gruop First lambing First 3 lambings
Continental ewes 5 = 0.047 5p = 0.044
Texel Island ewes 8y = 0.026 Sp = 0.026

Doubling the pooled values of the daughter-dam regressions gives the
heritability estimates of litter size (LusH and STRAUS, 1942) as shown in table 17.

TABLE 17. The different heritability estimates of litter size

Material , )
m First lambing

Continental ewes e = 0172 i = 0214
Texel Island ewes At = 0.048 b = 0090

First 3 lambings

5. REPEATABILITY OF LITTER SIZE

A. Materials

The repeatability of litter size was separately estimated for the continental
ewes and the Texel Island ewes by using the intra-class correlation method
(FISHER, 1954). Most of the matetial used here was also used in estimating the
heritability of litter size (the dam records — see under heritability).

The repeatability of litter size of the continental ewes was based on the
lambing records of 610 ewes spread over 84 rams with a mean of 7.3 ewes per
ram, whereas for the Texel Island ewes, the repeatability estimates were compu-
ted from the lambing records of 1419 ewes within 120 rams which makes a mean
of 11.8 ewes per ram. All ewes in this part of the investigation were about
2 years old at their first lambing and got three successive lambings in three
successive years,
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B. Methods and results

The repeatability (r) of litter size was estimated using the intra-class correla-
tion method.

variance beiween ewes ol

"~ variance between ewes 4 variance within ewes a2 + a2,

To correct the variance within ewes for the age and year effect, the age/year
combinations were included in the analysis as a separate source of variation
and an analysis of variance was performed for the lambing records of ewes per
ram (SNEDECOR, 1946). To get an overall estimate of (), the mean squares
within and between ewes per ram were pooled for all rams, The results of the
analysis of variance are given in tables 18 and 19.

TasLe 18. Intra-class correlation for the continental ewes

Source of Variation 5.5, d.f. m.s. F P
Total 496.31 1746
Between age/year 53.36 168
Between ewes 177.07 526 0.337 1.33 <<0.05
Within ¢wes 265.88 1052 0.253

TasLE 19. Intra-class correlation for the Texel Island ewes

Source of Variation S.S. d.f. m.s. F P
Total 1068.49 4137
Between age/year 102,38 240
Between ewes 369.83 1299 0.285 1.24 <0.05
Within ewes 596.28 2598 0.230

Applying the intra-class correlation equation, the overall repeatability estimate
of litter size for the continental ewes is found to be 109, with 959, confidence
interval from 4.6 % to 15.4%, and the corresponding value for the Texel Island
ewes is 7.3 %, with 959 confidence interval from 3.9%, to 10.7%.

6. EFFECT OF SIRES ON THE LAMBING ABILITIES OF THEIR DAUGHTERS

A. Materials

The material used in this part of the study is the same as that from which the
heritability estimates of litter size are computed (see under heritability).

B. Statistical procedure and results

As there are no significant differences between sires in regard to the slope of
daughter-dam regression, it is possible to investigate whether they also differ
significantly in the level of the regression lines (App. 5) and (table 20).

The difference between sires is illustrated by the regression value per sire
computed for the overall mean values of dams as given in table 21 using the
common b-values in table 15 (see A® estimates).

Table 20 shows that the difference between sires as regards the levels of the
daughter-dam regression lines, in other words the influence of the sires on the
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TamLe 20. P-values from the test of significance of the difference between sires in the level of
regression lines

Sheep group Material First lambing First 3 lambings

0.001
<0.0001

0.08 P

Continental ewes ,
<0.0001 P

F
Texel Island ewes P

v

TasLe 21. The overall mean values of dams

Material . . . .
Sheep group First lambing First 3 lambings

Continental ewes TE = 1.84
Texel Island ewes x = 1.56

= =
']

o
L e |
Sh W

lambing abilities of their daughters is highly significant for Texel Island ewes
{considering first lambing and first three lambings), and significant for con-
tinental ewes (first three lambings), whereas for continental ewes (first lambing)
it is just non-significant.

7. MATERNAL AGE EFFECT ON THE FERTILITY OF DAUGHTERS

A. Materials and methods

This part of the study deals with the effect of the age of the dam on the
lamb production of the daughter. As the factors age and year have a significant
effect on the lambing ability of the ewe, the effect of age of dam cannot be
analysed without considering the effect of ewe’s age and the year. The same
holds, to a less extent, for the factor type of birth (TBE, TBS, and TBD).

The elimination of the effect of age and year can be done by performing an
analysis per batch of sheep all born in the same year and taking the age of the
ewe as a second classification, whereas the elimination of the effects due to
type of birth factors can only partly be obtained. As far as the type of birth of
ewe TBE (which seems to be more important than TBS, and TBD) is concerned,
the problem can be solved by performing an analysis per type of birth of ewe.
This boils down to only analysing the performance of the twin born ewes, as the
number of singles and triplets is too small. The effect of the factors TBS and
TBD cannot be eliminated as the data available for this part of the study did
not lend themselves to further splitting. This is probably not serious as the
effect, if any, of the factors TBS, and TBD is very small (see the type of birth
effect).

On account of the above mentioned reasoning, the maternal age effect is
worked out using two batches of data from the continental Noord-Holland
ewes, namely ewes born in the year 1950 as the first batch and in the year 1951 as
the second batch, each of which is worked out separately. All ewes used in this
part of the study were two years old at their first lambing,

The material used here is classified into:

a. Twin ewes giving birth to five successive lambings, the data of which comprise
the performance of 182 ewes born in 1950 and 177 born in 1951 (Table 22),
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TABLE 22, Maternal age effect on the fertility of daughters giving 5 successive lambings

Batch of sheep Ewes born 1950 Ewes born 1951

no. of % (b) X (sTv.} no, of % (b.} X (srv.)
Age of dam ewes lambs lambs ewes lambs lambs
2 years 49 1.93 1.76 42 1.98 1.72
3, 48 1.90 1.82 50 1.92 1.68
4, 43 1.89 1.70 33 1.95 1.77
5, 42 1.87 1.70 52 1.87 1.66

182 177

TABLE 23. Maternal age effect — Number of ewes giving different numbers of lambings, but
not to 5 successive ones

Batch of sheep Ewes born 1950 Ewes born 1951

Age of dam No. of ewes with different lambings | No. of ewes with different lambings
Ist. | 2nd. | 3rd. | 4th. | sth, | 1st. | 2nd. | 3rd. | 4¢h. | Sth

' l
years 178 145 91 l 41 \ 172 125 | 6 | 37

2 9 3
3. 130 93 6l 26 3 126 97 61 25 6
4, 128 107 68 33 4 92 72 48 29 2
5 ., 127 98 ! 57 ‘ 31 8 129 103 68 38 6

b. Twin ewes also born in the years 1950 and 1951, and giving birth to different
numbers of lambings but not to five successive ones. The number of ewes
included in this part of the material is given in table 23.

B. Statistical procedure and results
a. First material - ewes giving birth to five successive lamb-
ings
All of these ewes are classified according to their different dam-age categories.
The mean numbers of lambs born and survived per category are given in table
22. An analysis of variance of the classification of the factors, maternal age
effect and the combination age of ewe/year is given in tables 24 and 25.

From table 24 and 25 we found that:

1. There is no significant effect of the different dam-age categories on the lamb
production of the daughters (born and survived).

2. The differences between age/year combinations are highly significant, as was
to be expected.

3. There is no significant interaction between the age of the dam and the age/
year combinations of the daughter,

b. Second material - ewes giving birth to different numbers of
lambings but not to 5 successive ones
These data are also classified according to the different dam-age categories
(table 23). With such data in order to compute an analysis of variance with
proportional subclasses, it is necessary to have equal numbers of ewes per dam-
age category in both of the batches (batch born in 1950 and batch born in 1951).
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TaeeL 24. Maternal age ¢ffect on the number of lambs born and survived to ewes born in the

year 1950
Born (b.) Survived (srv.}
Source of variation
M.S. | df. F P M.S. | df. F P
a) Age of dam 0.50 3 1.67 | 0.17 | 0.72 3 1.89 | Q.12
b) Comb. age/year 1.26 4 4.20 | 0.002 | 1.76 4 4.63 | 0.001
Interaction @) x &) 0.37 12 1.23 | 0.26 | 0.46 12 1.21 | 0.27
Rest error 0.30 | 890 - - 0.38 | 890 - -

TABLE 25. Maternal age cffect on the number of lambs born and survived to ewes born in the

year 1951
Born {(b.) Survived (srv.)
Source of variation
M. ‘ af. ’ F ] P |Ms | af | F } P
a) Age of dam 0,53 3 1.77 | 0.15 0.48 3 1,23 l 0.30
b) Comb. age/year 1.03 4 343 | 0007 1.21 4 3.10 | 0,014
Interaction a) x 5) 0.26 12 0.01 | 0.58 0.62 12 1.59 | 0.09
Rest ¢rror 0.30 | 865 - - 0.93 | 863 - -

TagLE 26. Maternal age effect on the number of lambs born and survived to daughters giving
different numbers of lambings (given per lambing)

(%) Lamb production 1st. lambing
N Ewes born 1950 Ewes born 1951
Dam-age catcgo 0. ewes
ge category ¥ lambs (b.) | % fambs (srv.) | ¥ lambs (b.) | ¥ lambs (srv.)
2 years 172 .80 1.53 1.73 1.53
30, 126 1.67 1.51 1.7 1.50
4 92 1.82 1.55 1.82 1.70
5 127 1.77 1.54 1.79 1.54
{x) Lamb production 2nd. lambing
2 years 125 1.87 1.70 1.94 1 175
i, 93 1.83 1.60 1.88 1.66
4 72 1.85 1.58 1.83 1.54
5 . 98 1.89 1.70 1.87 1.60
(x) Lamb production 3rd. lambing
2 years 69 1.90 1.68 2.00 1.68
3 61 1.95 1.57 2.02 1.70
4 43 1.83 1.48 2.00 1.69
5 57 1.96 1.72 2.02 1.75
(x) Lamb production 4th. lambing
2 years 37 1.86 1.57 1.84 1.7¢
3, 25 1.80 1.52 1.88 1.52
4 29 2.03 1.69 1.79 1.55
5 . 31 ! 1.87 1.55 2.06 177
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For instance, table 23 shows that the batch of the year 1950 includes 178 ewes
having first lambing; whereas for the batch born in the year 1951, there are
172 ewes. Therefore, it is necessary to omit the data for 6 (randomly chosen)
ewes from batch 1950 to get the maximum equal number of 172 ewes. The same
holds for the other dam-age categories and lambings. Further, table 23 shows
that an analysis based on the fifth lambing is hardly worthwhile, the number of
cwes being too small. The number of ewes on which the analysis is based and
the mean numbers of lambs born and survived to these ewes are given in table 26.

TABLE 27a. Maternal age effect on the number of lambs born and survived to daughters
giving different numbers of lambings, but not to 5 successive ones (given per
lambing)

1st. lambing

1st. lambing (born lambs) (survived lambs)

Source of variation

M.S.| d.f.‘ F | P | MS. | df F P

a) Age of dam 0.63 3 233 | 007 | 0.55 3 1.31 | 0.28
b) Batches 0.03 1 011 | 0.74 | 0.19 1 045 | 0.50
Interaction a) x B) 021 3 0.78 | 0.50 | 0.25 3 0.60 | 0.60
Rest error 027 |1026 | - - 0.42 1026 - -
TaBLE 27b,

2nd. lambing

Source of variation 2nd. lambing (born lambs) (survived lambs)

M.S. d.f.\ F | P | MS. d.f.| F i P

a) Age of dam 0.15 3 048 | 0.68 | 0.85 3 1.93 | 0.12
) Batches 0.13 i 042 | 052 0.00 1 000 | 10
Interaction g) x b) 0.10 3 0.32 | 080 | 0.30 3 0.68 | 0.56
Rest error 0.31 | 768 - - 0.44 | 768 - -
TasLE 27¢

3rd. lambing

. lambi 1 :
Source of variation 3rd. lambing (born lambs) (survived lambs)

M.s.[d.f.[ F | P M.s.[ d.f.| F | P

0.34 | 0.79 0.45‘

a) Age of dam 0.13 3 3 0.87 | 045
Bb) Batches 1.03 1 271 | 0.10 | 0.86 1 1.65 | 0.21
Interaction a) x b) . 0.06 3 0.16 | 092! 0.25 3 0.48 | 0.69
Rest error 0.38 | 462 - - 0.52 | 462 - -
TaBLe 27d. .
. 4th. lambing
4th. lamb born lamb. :
Source of variation ambing (bo s) (survived lambs)

MS.| df | F P | MS. d.f.| F ! P

a) Age of dam 1 0.21 3 0.60 [ 0.60 | 0.20 3 045 | 0.1

b) Batches 0.00 1 0.00 | 1.0 0.27 1 061 | 0.44
Interaction a) X b) 0.51 3 146 | 0.23 | 0.38 3 0.86 | 045
Rest error 0.35 | 236 - - 044 | 236 - -
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